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THE INFRARED SPECTRA OF SPIROPENTANE, METHYLENECYLCLOBUTANE
AWD 2-METHYL-1-BUTENE

By Alden P. Cleaves and Mlldred E., Sherrick

SUMMARY

The infrared spectra of spirorentane, methylenecyclobutane, and
2-methyl-1l-butene were measured in the region from 3 to 14 microns
with a rock-salt prism gpectrometer of mediuvm dispersion. The purs
samples were prepared at the KACA Cleveland lsboratory. The vapors
of these thres Cz hydrocarbons were investigated at room temperature
and at pressures in the range from 80 to 300 millimeters of mercury
absolute in a 10-centimster cell. The spectre were compared with
sach other and with Reman data foi the same compounds.

INTRODUCTION

Splropentane was preparsed at the NACA Cleveland laboratory by
the debromination of pentaerybhrityl bromide with zinc as described
in reference 1. Three hydrocarbon productse of this reaction have
been studied elsewhsre by electron diffractlon and identified as
spiropentane, methylenecyclobutene, and 2-methyl-l-butense. (See
references 2, 3, 4, and 5.) Remen freguencies for these three Cg
hydrocarbons, compiled from the results of several investigators,
are ligted in reference 2 but thelr infrared spectra are not avail-
able, Apparently the molecule gtructurally most similar to spiro-
pentane theat has been Investigated Iin the infrared is cyclopropane.
(See reference 6.) The vibrational levels of cyclopropane based on
Raman and infrared data have been reported in reference 7.

Infrared spectrs furnish basic data sssential for spectrophoto-
metric analysis and for the determination of molecular vibrational
levels. Thig report pressnts the infrared gpectra of samples of
spiropentans, methylenecyclobutane, and 2-methyl-~l-bubtens, lsolated
and purified at the NACA Clevelend laboratory. These spectra of the
hydrocarbon vapors were measured at room temperature in the rock-salt
region from 3 to 14 microns.
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APPARATUS AND MATERTALS

Infrared spectrometers. - Two gpsctrometers were used in this
investigation. One of these spectrometers was adapted to record
transmitted infrared radiation as a function of wavelength. This
infrared spectrometer, described in detall in reference B, has a
50 rock-sslt prism with faces 6 by 7.5 centimeters, a Globar source,
and & thermopile ireceiver. A high sensitivity galvanometer connected
to the thermonile as shown in figure 1l deflects only slightly. A beam
of light reflected from the galvanometer mirror so illuminates twin
photocells in an amplifier circuit aldapted from reference 2 that a
Teeds-Horthrup pen-recording Speedomax traces the emplified thermopile
output. This infrared spectrometer was used for rapid qualitative
exploration of the spectra.

The second infrared spectrometer, which is described in refer-
ence 10, has a smaller 60° rock-salt prism (faces, 4 by 6 cu), a Nernst
slower source, and a thermopile receiver. A microueter screw attached
to the instrument permitted manual adjustment of wave leng®h. Ratlos
of defiections of a high-sensitivity galvanometer when the infrered
beam traversed a lO-centimeter cell, empty and filled wlth hylrocarbon
vapor, respectively, are the percentage transmissions plotted in the
spectra.

Hvérocarbons, -~ The purity of the hydrocarbons prepared and iso-
lated by the Fuels Synthesis Section of the NACA Cleveland laboratory
was estimated on the basls of freezing-point data to be high, probably
nore than £8 percenmt. The nhysical properties of the three hydrocarbon
sarmies are reported in reference 1 as follovws:

Freezing{Boiling |[Index of [Density at
Compound point point at|refraction|20° C
(°¢) | 760 rm 020 (grams /ml)
(°c) D
Spiropentane -107.05 32.03 1.41220 0.7551
Mothylenecyclobutane!-134.68 | 42.22 1.42087 L7470
Z-Methyi-l-butene -137.50 31,12 | 1L.37781 6504
RESULTS

The infrared spectra in the region from 3 vo 14 microns for
spircpentane, methylenecyclobutane, and 2-methyl-l-butene arc pre-
sented in Ffigrres 2(a), 2(b), and 2(c), respectively. Aprroximate
offective slit widths are indicated. The contours of pealks of the
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nogv intenss bands are nlotted for two pressures of the hydrocarbons
in the cell to verify the position ené shape of each pesk. The
2C00-millineter pressure uged for splropentane was lower than either
of the pressures used when detsrmining the complete spectra Ffor the
otl.er two conpounds; hence, each minimum where transmission is less
than 90 percent probably represents an absorption band and somie very
weair banis may nct appear. A survey with the recording spectrometer,
novever, skowed no new bands when the pressure of spirojenians was
about 300 milliineters of mercury absolivie.

The poslitions of all but the weakest bands are listed in table I
in unite of microns and inverse centimeters. The uncertainty of the
positions varied from about:is_cmfl at lower frequencies to +10 cn™t
for frequencies gbove 200C can™t, Raman freguencies from reference =
are inciuded fcr the sake of comparison end completeness. Similari-
tiea of the spectra are especlalily evident but the differences, which
are an essenvial basls for Infrared anslysis of binary or ternary
mixturea by the method of reference 10, mey also be discerned and
interpreted, A etrong band at approximetely 10 microns (whers,
accoirding to reference 8, cyclopronans also sbsorbs) characterizes
spiropentane; whereas strong ebsorption appsars at epproximately
8 mlcrone oniy in the epectra of tne other two compounds, each of
which contains a double bond. The rather intense band at 7.24 microns
in the spectrum of 2-methyl-l-butene has no counterpart in the spectrum
of splroperntans nor does methylenecyclobutane havs a resolvable band
at thls wave iength. In the three spectrs suall relative shifts in
the positions of other bands are evidernt. The outstanding similari-
Sles are the strong hands et about 3.4 and 11.4 microns tha’s appear
xn 8ll thiee azpectra.

DISCUSSION

In genersl, a mclecule conteining n atous hes (3n~6) normsl
asnodes of vibration; accecrdéingly 33 suck fundementals would be nre-
dicted for the UWwro CgHg isomers end Z2-methyl-l-butene should have 39.
Stie of these vibrations will be infrared-active, others will be
Reman-active, and some will Drobably be active in both Raman and
infrared spectra. Symetry in a molecule is associated with coinci-
dence or degeneracy of some fvniamental frequencies, hence, probadly
fewer than 33 different bands would be debected in infrared enk
Raran spectra for each molecule. Tre ligbe of epproximately 20 dif-
ferent frequencies (not necessarily all fundamentals) for each mol-
gcnle in table I srobably incluie nearly all resolvable normal vibra-
tiong, &nd possibly a few covertones and combinations. Some intense
bands way represent two or more overlanping fundamentsls.
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In the spectra of methylenecyclobutane and 2-methyl-l-butene,
the bands at about 6 microns mey be associated with vibrations of
the C=C bond. The 1lC-nicron absorpvion by spiropentans is cheracter-
igtic of a vibreation in the cyclic carbon skeleton of this moleculs.
Cyclopropane also shows absorption in this region, although it does
not have & band at exactly 10 microns. (See reference 6.) Absorption
of medium intenasity at about 8.6 microns occurs in the spectra of both
compoundse that have closed rings but it la absent in the spectrum of
2-methyl-l-butene. Absorpiion at approximately 3.4 microns in all
three spectra is characteristic of C-H type vibrations. The bands in
the viclnity of 880, 1170, 143C, 1670, and 2960 om~1 are both infrared-
and Ramsn-active in the molecules of which they are charasteristic.

Alrcraft Engine Research Leboratory,
Wational Advigory Committee for Aeroneutics,
Cleveland, Ohio, June 25, 1946.
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TABLE I
WAVE LEIGTHS AND WAVE NUMBERS OF BAIDS IN INFRARED SPECTRA AND
WAVE NUMBERS OF SHIFIS IN RAMAN SPECTRA OF SPIROPENTANE

METEYLENECYCLCBUTANE, AND 2-METHYL-1-BUTENE
[ Raman date taken from reference Z.]

Spiropsntane Methylenecyclobutane| 2-Methyl-l-butense
Infrared Reman! Infrered Reaman Infrered Raman
microns|em~1 jom~l microns?cm'l om-t microns [en~l |em-1
T
252
3¢5 354 393
531 373 | 433
613 455
657 530
708
12.80 781F 77S 13,20 758 12,75 784 773
21.46 273| 872 11.38 879 873 11.25 8388} 8S0
10.05 995 9.82 1018 SO7 2.95 1G05] S64
557 1020
2,48 105411033 9,32 1073 8,30 107511091
g£.62 1160}1150 3,55 11701111
8,00 | 1250 8,09 1233
7.485 133711397 1391 7.24 1381} 1390
' 1413
6,96 1437|1426 6.58 14331428 6.87 14561433
5,85 162611679 6.05 1653} 1654
5.63 1761 5.70 1755 5.80 1786
5.30 | 1se7|
4,87 182050 4,75 | 82100 4,90 (82040
4,40 2270
4,29 2330 4,31 | 2320 4,27 2340
2838 2826 2856
2831 2861 28393
' 2902 ' 2317
2921 2942
3,40 2540 3.33 29602952 3.37 2970 2971
2991 22€8 2984
| 3065 3072

awave-number values above 2000 have only three significant
flgures.
Naticnal Advisory Committes
for Aeronautice
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Figure |. - Clircuit diagram of twin photocell amplifier for recording
plle in infrared spectrometer.
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Porventage transaission

Figure 2. - Infrared spectra of wapors ln 10-gcentimeter cell,
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Figure 2, - Contlnued. Infrared spactra of vapors in lC-centimeter cell.
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Fig. 2c NACA TN No. [160
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